Meso-and submesoscales (fronts, eddies, filaments) in surface ocean flow have a crucial 27 influence on marine ecosystems. Their dynamics partly control the foraging behaviour and the 28 displacement of marine top predators (tuna, birds, turtles, and cetaceans). In this work we focus 29 on the role of submesoscale structures in the Mozambique Channel on the distribution of a 30 marine predator, the Great Frigatebird. Using a newly developed dynamical concept, namely the 31 Finite-Size Lyapunov Exponent (FSLE), we have identified Lagrangian coherent structures 32 (LCSs) present in the surface flow in the Channel over a 2-month observation period (August and 33 September 2003). By comparing seabirds' satellite positions with LCSs locations, we 34 demonstrate that frigatebirds track precisely these structures in the Mozambique Channel, 35 providing the first evidence that a top predator is able to track these FSLE ridges to locate food 36 patches. After comparing bird positions during long and short trips, and different parts of these 37 trips, we propose several hypotheses to understand how frigatebirds can follow these LCSs. The 38 birds might use visual and/or olfactory cues and/or atmospheric current changes over the 39 structures to move along these biological corridors. The birds being often associated to tuna 40 schools around foraging areas, a thorough comprehension of their foraging behaviour and 41 movement during the breeding season is crucial not only to seabirds' ecology but also to an 42 appropriate ecosystemic approach of fisheries in the Channel. In the oligotrophic open ocean mesoscale and submesoscale oceanic turbulence, which 52 spans spatiotemporal scales from one to hundreds of kilometers and from hours to weeks, 53 strongly modulates the structure, biomass and rates of marine pelagic ecosystems. Eddies 54 can stimulate the primary productivity (1, 2), affect plankton community composition (3-55 5) or play a significant role in exchange processes in the transitional area between the 56 coast and offshore by transporting organic matter and marine organisms from the coast to 57 the open ocean and vice versa (6). In view of the strong influence of eddies on physical 58 and biogeochemical properties, it is not surprising that higher level predators concentrate 59 around them, where prey can be found. In fact, all investigations on the relationship 60 between eddies and top predators communities, using satellite imagery observations, have 61 evidenced strong ties between them (7, 8). Upper predators particularly used the boundary 62 between two eddies (9 -12). The key point is that interactions between eddies generate 63 strong dynamical interfaces (13) and make them a complex and energetic physical 64 environment. In these interfaces the energy of the physical system is available to 65 biological processes, increasing the trophic energy of the biological system (8). Eddies 66 and associated structures have therefore a crucial ecological significance especially in 67 tropical and sub-tropical regions, characterized by low mixing during winter inferring 68 weak supply of nutrients to the photic zone (11). 69
checked by chi-square analyses using the one tailed G-test for Goodness of Fit (Log-172
Likelihood ratio) which show clearly that there are significant differences between8 confirms again that seabirds' positions are located more on LCSs (|FSLE|>0.1 day -1 ) than 175 outside during long and short trips, despite the small area occupied by LCS (Fig. 3 ). An 176 additional test checking the relation between birds' positions at a given week t and the 177
LCSs computed for that week and for the following ones, t+1, t+2, …, t+9, is described in 178 SI. The association of birds' tracks and LCSs, measured by the significance of a G-test, is 179 highest for the LCSs of the week t and decreases with the time lag to the other weeks 180 (p t+1 =0.81 > p t+3 =0.19 > p t+5 =0.12) (Supporting Information [SI], Table S1 ). 181
182

FSLE distributions over different types of flights 183
We performed several statistical tests to see if there are statistically significant 184 differences among travel/foraging locations, outgoing/return trips, and day/night flights. 185
Boxplots of FSLEs on seabirds' positions during long and short trips are presented in 186 Table S2 ). All of this indicates that seabirds 211 seem to prefer being on ridges of FSLE both for travel and foraging. 212
We have also investigated for differences in seabirds' distributions in relation to FSLEs 213 between the outward and return part of the trip (see SI, Fig. S2a, c) . KS-2 test shows 214 that there is no significant difference of seabirds' distribution during long trips (KS-2 215 p>0.01) and during short trips (p>0.05), between the outward and return parts of the 216 trip. For all types of trips (short and long), there is no significant difference of seabirds' 217 positions, either on repelling or attracting flow structures, during the outward and return 218 parts of the trip (G-tests p > 0.05) (see SI, Table S3 ). 219
Great Frigatebirds feed mainly during daytime (10). We therefore examined 220 whether we could identify differences between day-time and night-time distribution of 221 seabirds. Boxplots of seabirds' distribution on FSLE between day and night show that 222 patterns of distribution of FSLEs are similar during day and night during short (SI, Fig. however more dispersed at night than during short trips. KS-2 test shows that there is no 225 significant difference between FSLE distributions visited by birds during day and night 226 (p>0.05 during long or short trips). The probability for the frigatebirds to fly over 227 attracting or repelling structures during day and night is statistically similar (G-tests 228 p>0.05) for long trips but may be different for short trips (G-test p=0.025) (SI, Table  229 S3). During daytime short trips, seabirds may follow more the attracting structures than 230 the repelling ones. However, analysis of location of seabirds during long and short trips shows that 268 the percentage of positions on LCSs is different between both kinds of trips (Table 1) . 269
During long trips, birds seem to take full measure of the LCSs while on short trips they do 270 not take full advantage of them. This difference between long and short trips is probably 271 due to the behaviour of seabirds. During short trips, birds have to bring food frequently to 272 their chick so they feed in areas where preys are easily accessible, close to Europa Island.12 structures are conductive to the aggregation of preys. During long trips, birds avoid areas 275 near Europa Island probably because the foraging yield is less rich than that of more 276 distant waters, and/or because of strong interspecific competition near the island (10). 277
However, birds preferentially follow the LCSs in both cases. 278
In addition, seabirds follow LCSs not only for their foraging but also for their travelling 279 movements. The distributions of FSLEs during the outward and inbound journeys to the 280 colony indicate that they exhibit the same flying behaviour before and after their foraging 281 activity. Furthermore, the fact that the distribution of visited FSLEs is identical during day 282
and night indicate that they are able to use these LCSs to move during periods of 283 darkness. Frigatebirds move continuously during day and night at an average altitude of 284 200 m, and never completely stop moving when they forage, but they come to the sea 285 surface to eat only during day-time (10). If they used these structures only for food 286 availability, then the distribution of FSLEs for areas crossed by birds should be different 287 between day and night. This is not the case. This means that frigatebirds do not go to 288
FSLEs ridges only to forage but that they follow them most of the time as cues to 289 eventually find prey patches there. 290
It is relatively easy to understand why the attracting LCSs could be places for prey 291 accumulation, since horizontal flow will make passively advected organisms close to 292 these lines to approach them. More puzzling is to understand the role of the repelling 293
LCSs, which are also preferred locations for the frigatebirds. First we should mention that 294 at the vortex edges, lines of the attracting and the repelling types are very close and nearly 295 tangent. Thus, it may be the case that birds' positions located at repelling lines are 296 simultaneously located also on attracting ones: in SI we explain that a position is said to 297 be on a LCS if it is closer to it than 0.025 degrees. Thus, if the attracting and repelling 298
LCSs are close enough, the same bird position may be attributed to both structures. We 299 have checked that, among the 30.2% of bird positions which were found on repelling 300 coherent structures, 53.7% of them were in fact visiting both structures, and thus the 301 interpretation is that they are associated to vortex edges (or to other structures in which 302 both types of lines are tangent). For the remaining fraction which does not seem to be 303 associated to these edges, we believe that the three-dimensional dynamics of the flow 304 close to these structures gives the clue for their association to birds' positions. Note that 305 occur. This is obviously important for the birds, and may explain why they prefer to fly 312 and to forage on top of them. The role of these LCSs on the biological activity is rather 313 complex and may vary depending on the area and scale of study. For instance, (31) found 314 an inverse relationship between mixing activity (high FSLEs) and phytoplankton stocks in 315 very productive areas such as coastal eastern boundary upwelling. 316
The above arguments linking LCSs and vertical motion can be more easily justified for 317 the attracting LCS case, because the vorticity involved in the interaction between vertical 318 and horizontal motion will tend also to be aligned with these structures (30). But we note 319 that in flows consisting on slowly moving eddies, we are close to the so-called integrable 320 situation in which a large proportion of tangencies between attracting and repelling 321 structures is expected (as indeed observed). As a consequence, it may happen that a bird 322 starts a trip by following an attracting LCS, loses its surface signal, and finds itself on top 323 of a repelling one simply by continuing its previous path in a more or less straight way. Whatever is the cue used by frigatebirds to locate and follow these Lagrangian 358 coherent structures, our results provide the first evidence that a top predator tracks these 359 FSLE ridges to locate food patches. It allows us to better understand how top predators 360 search preys, and why they are able to concentrate precisely at LCSs. Since these 361 structures are mobile, a simple memory is not sufficient for a central place forager to 362 return to a productive prey area. Predators could thus take a general bearing where eddies 363 are likely to be found (e.g. to the northwest in the MC for a colony located in the central 364 MC) and then move until they cross a FSLE ridge, that they will follow until they 365 encounter a prey patch. Because they are unable to sit on the water, frigates are often in 366 association with sub-surface top predators to forage. We can suppose that if frigatebirds 367 track LCSs to locate preys, it is possible that they are associated to tuna schools around 368 foraging areas (10). Thus understanding the rationale behind their localization is crucial in 369 seabird's ecology but also in the detection of the presence of tuna schools. This kind of 370 multidisciplinary approach opens up interesting prospects in the management of 371 ecosystems and fisheries and can be useful in the ecosystemic approach to fisheries, 372 especially to better characterize temporary tuna habitats in the Mozambique Channel. 
